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Appendix i; 

This document provides a description of the modeis selected to perform ,orounGwater. surface water, 
and air modeling for Rocky FIars Environmentai Tecirnolo_ey Site (RFETS) Oper2bk Unit .“lo. 6 (OU61 
in support of che Human Health Risk Assessment (HHRX), which is parr of b e  OU6 Phase I Resourcz 
Conservation and Recovery Act (RCRA) Faciiicy InvestigatiodRemedial lnvesrigarion (RFI/RI). Tis 
document does not describe the details of the implemencacion of selected models to the site-specific 
conditions ac OU6; that will be described in detail in the Phase I RFI/Rl Report. 

The objective ofthe modelin,o is to support the HHRA portion of the RFIN R e ~ o r t  for OU6. Tnis 
will be accomplished by simulating the transpon of chemicals of concern (COG)  from OU6 to 
potenrial exposure points for human receptors under present and potential future site conditions. 

X conceprual site model (CSM) has been deve!oped to identify and evaluate che chemicsl source areas, 
chemical release mechanisms, environmental transport media, potential human intake routes, and 
potential human receptors at O M .  The purpose of the C S M  is to identify human exposure pachways to 

be quanrirativeiy evaluated in the HHRX. Exposure pathways chosen for evaluation in the risk 
assessment that include crampon media such as groundwater, surface water. and air. mal; require fate 
and transport modeling to esrimate chemical exposure point concentrritions. The foilowing document 
describoes the exposure parhways to be evaluated in the HHR4 rhac will require such mode!ing and 
identifies the marhematical models that will be used to estimate exposure point concentrations. The 
models sre  based on data that have been collecred at the site as pan of the Phase I RFIiRI h r  OU6. 

The following mode!s were se!ecred ro meet the requirements aiid objec:ives of dx rnode!ing m a y :  

. .A simple one-dimensional analyticai groundwater mode! wiil be run io dexrmine [he 
potential for vinyl chloride to migrate directly from the vadose zone into the air. 
The watershedwater quaiiry modei HSPf 10 for surfac: water fate and transport. 
The Superfund Exposure Assessment Manual (SE.kiI) bloae!s for soil gas  face and 
nansporr, a box modei for onsite ambient air contaminant face snd transport, and 
Fugitive Dust iModel (FDM) for oiisice ambient air conraminant fate and transporc. of 
OU6 source air emissions. 

Data avaiiable for use as input for the modeling acrivities were evaluated based on a review of previous 
and oneoing investigations and on general literature. Tables ,7- 1, 3-2. 3-3. ana 3 2  summarize the input 
paramerers currently available to estimate model input parameters. Additional site-specific data from 
the Phase I RFI/RI investigation will be used in the modeling cifan once those data become avaiiable. 
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The data presented in Tables 3-1. 3-2, 3-5, and 3 4  are preiiminary and, in some cases, are not sire- 
specific. The data values or ranzes of values are not intended to be rived or final. The ranges are 
presented to convey what is currently known of the potential variaoiliry in the parameter values that 
may be used in the models. 
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1.0 NI'RODUCTION 

Th~s document provides a description of the models selected to perform groundwater. suriace water. 
and air modeling for the OU6 HHRA. The results of the modeling will be used as exposure point 
concentrations in &e HHR% which is pan of the OU6 Phase I RCEU RFI/RI. The WI/RI is being 
conducted pursuant to the Compliance Agreement berween the U.S. Depamnent of Energy (DOE), the 
U.S. Environmental Protection Agency (EP.4), and the State of Colorado Depamnent of Public Health 
and Environment, dated July 2 1, 1986; and the Federal Facility Agreement and Consent Order 
(FFACO) b o w n  as the Inter-Agency Agreement (LAG)], dated January 22, 1991. The DOE 
Environmental Restoration Program (ERP) was formed to identify, investigate. and if necessary, 
remediate contaminated sites at DOE facilities. The program, in fulfilling h i s  mission, addresses 
RCRA and Comprehensive Environmental Response, Compensation. and Liability Act (CERCLA) 
issues. In accordance with the IAG, h e  CERCLA terms "Remedial Investigation" and "Feasibiliry 
Smdy " in this document are considered equivalenr to the RCRA terms "RCRA Faciliry Investigation" 
and "Corrective Measures Study, " respectively. 

This technical memorandum (TM) is intended for review in conjunction with the OU6 HHRX 
Technical Memorandum No. 2. Exposure Scenarios (Appendix J of the OU6 Work Plan). which 
provides additional dormation or details on che exposure scenarios to be used for OL'6. 

The remainder of Section 1.0 includes a discussion of the purpose of this TMt  [he objectives o i  the 
modeling accivities (Section l . l) , .and a brief reference to the site location and general site condicions 
(Section 1.2). Seccion 2.0 briefly summarizes the OU6 conceptual site model and exposure pathways 
to be evaluated in the risk assessment for OU6. and Szcrion 3.0 presents desciiptiom of [he selected 
mcde!s for groundwater, surface water. and air and a summary of model incut paraneter values. 
Section d.0 presents a summary, and Section 5.0 is a list of references used in preparing [his TZI. 

1.1 PURPOSE .OD SCOPE 

The purpose of chis document is to provide a description of appropriate groundwater. surface water. 
and air models for use at OU6. This document fulfills the IAG requirements (IAG 1991. Section 
VII. D .1. b) that state: 

' I . .  . DOE shail submit for review and approval a description or' che fate and transport models 
that will be utilized. including a summary of the data that wiil be used wirh these models. 
Representative data shall be utilized. and the limitations. assumptions and uncenainties 
associated with the models shall be documented.'' 
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The model selection process focuses on madeis appropriate for simulating pocesses affecting the 
migration of contaminants through the saturated zone, the unsamuraced zone, sw-ace '.varix. a n d  the 
airborne transport of contaminants. Model se!ec:ion is based on the pened  sire conditions outlh~ed in 
che Phase I RFI/RI Work Plan for OU6 (DOE 1992a) ana the OU6 Exposure Xssessnent Techniczl 
iMemorandum. Site-specific data will be incorporated into [ne moaeis. 

Modeling activity quality assurance is covered by rhe site-wide qualiry assurance plan (EG&G 1991a). 
Modeling quality assurance includes model verificarion, checb on calcularions, and technical review o i  
modeling methods, assumptions, results, and hrerprerations. 

The objective ofthe modeling is to support che HHRA portion of the RFI/RI Report for OU6. This 
will be accomplished by simulating che transporr of C O G  from OU6 to potential exposure points for 
human receptors under present and porenciai furure site conditions. 

1.2 SITE LOCATION A L L  GENERAL SITE CONDITIONS 

A detailed descriprion of the site location and general site conditions for the RFETS is inciuaed in 
Szcions 1.0 and 2.0 of the Phase I WI/N Work Plan for OU6 (DOE 1997-a). In addition. the HHRA 
Technical Memorandum No. 2. Exposure Assessment for OU6 (Appendix J to the OU6 Work Plan), 
contains any new or revised site information that differs from rhac presented in che work plan. 
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Appendix K 

2.0 G E N E R U  CONCEPTUAL MODEL OF OU6 

This section discusses the general use of a conceprual site modei (CSM) at OU6. X CSM is a 
schematic representation of the chemical source areas, chemical reiease mechanisms. environmental 
transport media, potential human intake routes. and potential human receptors. The purpose of the 
CSlM is to provide a framework for problem definition, to identify exposure pathways that may result 
in human health risk, to aid in identifying data needed to quantify potential exposures, and to aid in 
identifying effective cleanup measures, if necessary, that are targeted at significant contaminant sources 
and exposure pathways. 

An exposure pathway describes a specific environmental pathway by which an individual can be 
exposed to chemical constituents present at or originating from a site. A completed exposure pathway 
inctudes five necessary elements: source of chemicals, mechanism of chemical release. environmental 
transport medium, exposure point. and human intake route. Each one of these five elements must be 
present for an exposure pathway to be complete. An incomplere pathway means that no human 
exposure can occur. Only potentiaily complete pathways will be addressed in the HHRA for OU6. A 
detailed summary of potentially exposed human receptor populations and exposure pathways developed 
for each Area of Concern in OU6 is presented in the OU6 HHR4 Techrucd Memorandum No. 3, 
Exposure Assessment (Appendix J to the OU6 Work Plan). 

An exposure point is a specific location where human receptors can come into contact with site-related 
chemicals. The objective of this TM is to identify fate and transport models that will be used to 
calculate exposure point concentrations for the HHRA. Exposure pathways that may transport COCs 
from OU6 to potential human exposure points are presented in the OU6 HHRA Technical 
Memorandum No. 2, Exposure Assessment. The environmental media associated with exposure 
pathways that will require fate and transport modeling are groundwater. surface water, and air. 

Groundwater 

Figure 2-1 illustrates the general concepmal model for groundwater and surface water pathways at 
OU6. Groundwater flows and chemicals migrate from potentially contaminated soils within an 
Individual Hazardous Substance Site (IHSS), into the surrounding Rocky Flats Alluvium and 
colluvium. Potenriaily contaminated groundwater then migrates out of seeps along valley slopes as 
surface water or near-surface groundwater in the colluvium to the creeks. South and North Walnut 
creeks, as well as the unnamed nonhern tributary to Walnut Creek, then transporr possible 
contaminants downstream via surface water processes. 





I- 

The pachways oi  interest for surfacc water are related io inzestion o i  or dema l  c o n m t  wich surfac: 
water conraining suspended sediment and/or site-related chemicAs potentially irmsporrea to surface 
water. Stormwater ~ U I - I O ~ €  may transport contaminated soils to suriacc waters through erosion, wirh 
subsequent t r m p o ~  to downstream receptors. Surface waters and suspended sediments may also be 
impacted from the discharze of contaminated groundwaeer via seeps and springs. Figure 2-1 is a 
conceprual model for groundwater and surface water iIIustrating these pathways. 

The air emissions and dispersion models se1ec:ed io assess air c o n w a n t  conczarrations at semirive 
receptors wiil esrimace exposure point concentiatiors for the exposure pachways associated with air 
transport. Volatiie organic cornpoucds (VOCs) may be transported through rhe vadose zone from 
underlying soils and be subsequencly entrapped within a hypothetics1 building located OR the surface of 
OU6. Chemicals in suriace soils may be transported via fugitive dust emissions from OU6 to onsite 
and offsite recqtors. Fugitive dusr emissions from OU6 may also resuit in deposition or chemicals in 
airborne paniculaces on surface soils and plants. Poczncial chemical intake ana corresponding r i s k  
associated with these media wiil also be cvaiuatec. .i senera1 concepcual rnccel far airborne exposure 
pachways is shown on Figure 2-2. 
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3.0 h1ODEL DESCRIPTIONS 

This secrion specifies the models to be used in charac:eizing and p r e c k i i i g  ex?osure Foinc 
concentrations at specific reczptor locations fgr che OU6 HHRq. Ti2 considxztions for mode! 
selection and the basis for se!ecring the chosen models are also discussed. 

The t e r n  "model" refers to computer codes or a set of equations that c3n be used to mathematically 
represent site conditions and simulate media behavior (e.g., groundwater flow) and contaminant fate 
and transpon in the model domain. The models wiil incorporate site-specific data to allow simulation 
of sire-specific conditions and behavior. The combination of a computer ccde and the necessary site- 
specific data wiil be referred to as a "sire-specific model." 

3.1 GE,WRAL CONSIDERATIONS FOR MODEL SELECT103 

According to Bond and Hwmg (1988) and van de: Heijde and Park (1986), [he fooilowing issues should 
be considered whez seiecting groundwater models for simulating conditions at a site. ( 1) the objecrives 
of the projecr. (2) the physical and chemical conditions of the sire. and (3) &e requirements for 
hplemencm,o the models. Althougn che discussions presented by Bond and Hwang and van der Heijdr 
and Park were direc;ed at groundwater mode!s, It is reasonable to appiy the same considerations co 
surface water and air models. 

Tne OU6 mode!ing objective (Issue No. 1) is to simuiace rhc transpon o i  COCj to pocenrial human 
receptor locations for risk assessinent purposes. The physical and chemical conditions of che site (Issue 
No. 2) have been and are contrnuing to be characzcked 3s pan of [he o n ~ o i T p  Phase ? X=?.!'N procss.  
Mode!s se!ec:ed should be capable o i  incorporarmg key onsire transpon proczsses. Requirements fcr 

<knpierr,enting rhe modeis ('Issue No. Z )  ir,c!ude: (1) rhe avaiiabiiiry of &e mode!. (2) [he degre 2nd 
n3mr2 of documentation. (3) the exrent of pee: review o i  t$e mode!. and (4) &e nacure of mode! 
ve:ific3[ion and cesring. (Mode1 verification is the process of verifying thar ihe mode! resuits are 
nume:icalIy c o n e s  and involves an independent check o i  the calculations performed by the mode!.) 

1. The selected models should be able to incorporare key procxses h o w n  to occur at [he 
site. 
The selected models shouid be able to satisfy the objectives of h e  smdy. 
The selecced models should be verified ushg pubiished eau2tions ana solucions. 

1 -. 
3. 



-. I The selesed modeis shouid be complece and well aocwxnred and preferably avaiiaole 
in che public domain. 
Tne selected models should be practicai ana cost-effzxve in i s m  of x m a i  application 
as weil as resolution of uncxaincy. 

a. 5 

These Eve criteria were used as the basis for seleczing the groundwater, surfacoc water. and air models 
to be used for OU6. The foUowing sections discuss rhe se!ecred models reiative to their aoiliry to 

sacisfy the identified seleccion criteria. 

All mathematical models have limirations and uncenainties associated with assumptions inherent in the 
models. This is m e  for the models seietced for use for OG6. However, it is beiieved char the seleczed 
models presented herein are Lhe most appropriate models available for use for OU6 and that the 
associated limirations and uncercaincies are acceptable. 

Groundwater contammant condiclons in OU6 have been evaluated based on hydrogeologic conditions. 
spatial and temporal disrrlbutlons of C O O .  pocentlal sources of contarmnaaon. ma [he rnobiliry and 
behavior of COCs. Based on this evaiuatlon, groundwater contmlnvlc face and tiampon aodeiing 
srrate,oies to suppon the OU6 HHK4 have been decermmed. The detadcd discussion of the mode!ing 
strategies is presented 3s follows. 

Groundwater C O G  were identified in Tec~bnicai !iilernoranaum Yo. 4. Hum= I-fealh Risk Assessment 
for Walnut CrePk Priority Drainage. Operable bnit S o .  5 (Appendk L of chic0 OU6 Wcrk Plan). Based 
on a review of the spacial distribution and concentrations o i  these COCj. hie? m-cr groundwater 
contankant cor,cx!s which potexiaily nefd to be mode!ed were idsntified: 
e TCE sna other VOCs in the Trench Area near tne !andfill ?onC !,OL:-) 
a Nicnte:'m[rxe in [he N o h  Wainur Creek Drainage upsraaient of Pond A- 1 ' 

Vinyl CAoride and other VOCs in the Soub Wainut Creek Dramage upgrzaient or  Pond B-I.  

.?in evaluation of existing data and ocher peninem information has led to the r'ollowinp conciusions: 

The sources and major portion of rhe mtrice:muate plume are !ocaced in rhe Solar Pond .Are2 
(OU4). I t  would be more appropriate for this plume ro be moae!ed as parr of [he OUJ RFT/RI. 

7 -. 
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During the OU6 samping effort from rhe 1st quarrer 1991 to 4th quarter 1993. continuously large 
concentrations of nitrite/nitrate, ranging from 30 to 1.700 rngiL. were observed in valley fill wells and 
bedrock wells in tke area upgradiezr of the X-series ponds. These weils are 1756, 1586, B208589. 
B2 10489, B208259, B209689, and P2 10089: the nitrite!nitrate data for groundwater samples collected 
from these weiis is shown on Figure 3-2. 
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.I) - .  X screening !eve[ analytical groundwater model may be necessary .to simulate potential 
migration of vinyl chloride from well 3455 downgradient to South Walnut Creek. This model 
(or a combination of different models) should be 3Die to simulate both lateral migration in 
groundware: and volatilization from groundwater to soil gas in the vadose zone. 

Trench Area VOC Modelino, 

In the Trench Area (THSSs 166.1, 166.2, 166.3, and old 167.4) elevated concentrations of VOCs are 
detected only in wells located on the north side of the groundwater divide. which follows the 
topographic divide between the Nonh Walnut Creek Drainage and the Unnamed North Tributary 
Drainage. The groundwater flow gradient indicates h a t  contaminants will potentially migrate towards 
the landfill pond. As seen in Figure 3- 1, concentrations of VOCs in groundwater samples collected 
from some of the Trench Area we!ls are relatively great. The VOC with the highest concentrations was 
TCE. ranging from 26 to 150 pglL in well 7287. X numerical groundwater model is currently being 
developed for OU7 which covers the major portion of the Trench Area. The OU6 wells that will be 
included in this model are 7087, 7257, B206.189, B206589, B206689, B206889,1087, 76792, and 
76992. Because OU7 is developing this model. it is not necessary for OU6 10 duplicate this effort, 
especially. 

NitriteNitrate Modeling 

Evidence presented in the 199 1 Annual RCRA Groundwater Monitoring Repon €or Regulated Units at 
Rocky Flats Plant (EG&G 1992) indicates that the sources of nitrite'nitrate are locared within the Solar 
Ponds Area (OU4). These data sugest  that the elevated nitritehitrate concentrations detected in the 
groundwater samples collected in the Nonh Walnut Creek area are derived from OU4 and that these 
data represent the front of the nitrite/nitrate plume. The majoriry of the plume is likely within OU4 hnd 
a complete groundwater model should be deveioped as a part of the O W  WI/RI. This model should 
cover the entire nitritehitrate plume in OU4 and OU6. A discussion of nitrire'nitrate migration will be 
included in the RFI/RI repon for OU6. 
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VkvI Chloride 4lodelinp 

During the OU6 sampling effort from 1st quaner 1991 to 4th quarter 1993. i x g e  con cent ratio^ of 
vinyl chloride (VC), rangins from 220 to 860 p g L ,  have been continuousiy observed in we11 3586 ' 
(screened in valley till alluvium). However. no VC has been detected in upgradient or downgradient 
wells (includin,o well 3686, which is also screened in valley fill alluvium and located approximately 600 
feet downgradient) (Figure 3-3). 

Although the source(s) of these isolaced VC concentrations in well 3586 is uncertain. available evidence 
does provide srrong indications of why th~s solvent is present at rhs location. VC is transformed 
rapidly from is parent products (i.e., PCE-TCE- 1, I-DCE) under anaerobic conditions (in the presence 
of anaerobic bacreriaj. Groundwarer data collemd within OU2. which is upgrzdient of Weil 3586, 
show that chese parent products are present in abundance and indicate chat OUS, may be a probable 
source for the solvents from which VC is transformed. Other possible upgradient sources inc!ude the 
Triangle Area (OU6) and the Industrial Ares. 

However, no VC has been detected in association with is parent producs in upgradiex grouxdwater. IC 
is assumed chat. in gcneral, the upgradient subsuriact environment is anaerobic. or  uniavorable for 
biotransformation of rhe parent producrs to VC. The CircumsIances that rnay have created the 
favorable anaerobic subsurface environment isolatei around Weil 3536 remain undefined. Ir is possibiz 
chat the sewage tresanent plant ro the nonh and upgrsdient of Weil 3586 is I~LQII, 0 4 u e n c  +. . with the 

high bacteria counts needed for this transformation into che groundwater. or Llac sewage transmission 
pipes going into the plant may be ! d u g .  Either one of these sctxrios. sr perhaps one unconsidered. 
could be cieathg the required anaerobic conditions far the biotrans;bmation !O occur. 

Evaluation o i  the potential for downgradient rnigrsrion o i  VC couid be perrbmed by 3 simpie 
ana1l;tical groundwater model. This analyrical model (or moceisi shouid be able ro incoiporate both 
I groundwater transport and volacilizarion. It is suspected that VC n a y  cmplereiy volatilize beiore 
reaching downgradient wells. Tlus assumption is based on the following rationale: ( 1) VC has grex  
pocenrial to be volatilized. having a Henry's law consant of 1.23 am-rn'!mol 3c 10°C (hlontgomey 
and Weikom 1989); (2) che 'xacer table in the valle]i 21 alluvium in the vic-mrl; of we!1 3536 is shallow. 
within 8 feet o i  the ground surface: and (3) observations recorded during the 4th auarrer o i  1993 
sampling at we11 3586 snow very large gas concentrations of VOC. with initiai head space 
concentrations of 103 mg!L and 3.5 mgiL about 5 minutes later. lne second head spact concenrration 
may represent the volatilization rate under ambient conditions. 

- 



. *, 

;sac 0 

02691 

INDNIDUAL HAZARDOUS 
SUZSTANCE SITE? 

MONI~ORINC - WELL 

(ALLUVIAL) 

MONITORING WELL 
(BEDROCK) 

.. . 

UHSU = UPPER HYDROSTRATIGWOHIC 
UNIT . 

N O E S :  

5. PESllCIDE/PCB ANALYSES WERE PERFORMED AT 
ONLY LCGnON 02691. 



E 3 ~ I Z O h % f E N T U  ESTORATION PSOGXUI bL[XlnlUl: 2 ! ICQ-'J+'?-O U6.5 1 
P h s e  I RFyRI Work 5'1x1 for OU6 R U .  11 
Walnut Ccetlk Prioriry Drainage 

.A simple onedimensional analyricsl groundwater modei h a t  c3n incorporate boch mechanism (latexi 
migration in groundwater and volatiiization w i b  the vadose zonej will be aeve!opea far OUG. Tnis 
was done because m anal]nical groundwater model able to accomodate both m:chanisms was not 
located in che literature. The developed model wiil include only the most imporrult face and transpon 
processes (advection in the groundwater system and volaulization 
biodegradation wd be ignored based on the physical aad chemical properties of VC. Dispersion will 
aIso be ignored because onedimensional dispersion only causes acrenuation. If the source 
concentration is constant, dispersion will only delay the process for the downgadienr concentration to 
approach that constanr. Therefore, not simulating dispersion is a conservative methology. 

.\ppcndix K 
23ge: is IJi ' 5  

the vadose zone). Adsorption and 

Because VC is a special case COC for OU6 and has been detected at only one location. the risk 
assessment for &.IS compound will nor require a numerical model to project future exposure 
conc,pntracions. However, an analytical groundwater mode! simulation wiiI be run EO determine the 
potential for VC to migrate downgradienc or to volatize directly from the vadose zone into rhe 
atmosphere in the vicinity of the well. Analytical groundwater model simulation results depend on the 
estimation of related parameters. including hydraulic conductivity, Henry's law comtant. air-iilIed 
porosity in the vadose zone, and so fonh. Betsuse of uncxcady of chese parm.e:ers. a rmnge of 
literarure values and site-specific estimates of the parameters may be used in &e simulation to provide a 

range of possible results under c x a i n  assumptions. 

3.3 S L W X C E  WATER MODEL 

3.3.1 Introducdon 

The surface water model will contribute to the HHR4 oy sunulating [he rnaxhum. 39-ye3r average 

concentration o i  COCs at receptor sites dece-rmhed by the HHRA. l 3 e  Hl/dioioglc Siniulation 
Package for ForTi2.11. version 10 (HSPF10) has been se!etced for use in che =odeling eifoq. 

HSPFIO is a comprehensive pac.kage for simuiacion o i  watershed hydrology and water quaiiry for both 
conventional and toxic organic poilurams. HSPF 10 is the only comprehensive model o i  watershed 
hydrology and water auaiiry that integrates che simulation of land and soil runoir' processes with in- 
srrearn hydraulic and sediment-chemical interacrions (hmbrose and Barnweil 1989), Funher model 
selection crireria are discussed in Scction 3.3.2. 

Potential contaminant fate and trampon mechanisms :o be mode!ed inciuae boch dissolved and 
pmiculace states as related to hillstope. strezrn. and reservoir processes. !&jot proczsses affcccing the 
surface waceriseaiment contaminant concentrztions in OIJ6 are: 
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Precipitatiodrunoif 
Soil erosion and associated contaminant movenent . S n e m  and pond hydraulics 

0 Chemical-specific fate mechanisms 

3.3.2 Discussion 

LModeI sixnulacions are driven by meteorological and groundwatedseep inflows. entered as hourly rime 
series. The meteorological time series required include precipitation, air and dew point temperatures, 
solar radiarion, wind speed, lake evaporation, and potential evapotranspiration. Except for the 
evaporation time series, the time series are obtained from the RFETS meteorological tower as 15 
minutes readings and appropriate!y transformed to a 1-hour interval. 

A 1-hour simulation time step has been chosen so thar the effeccs of temporally short. but relatively 
incense mereorological evenrs will nor be obscured. as may occur if the meteorological conditions were 
considered on a mean daily basis. Oucpurs can be obtained at any ageregadon of the s-hularion 
interval. Daily summaries wiIl be used. as 1 hour to 1 hour comparisons of simulated versus observed 
values requires extremely de:ailed boundary condition deve!opment and dere.miiiarion of localized 
variations that are beyond the scope of this project. Funher. though it would be possible to aneapc 
flow calibration at chis time S C 3 k .  there are no water quaiin, dara availabie at his resolution for use in 
such a model caiibraion. 

The iak? evaporarion rime series is calculated by agg-tegatms the other rneccorolopicai series to daily 
values and then caiibirating the c3lcuiaced evaporation to 3 daily water oaizc? of h e  Great Western 
Reservoir. The resuiting evaporation time series is hen  disasgregated to obtain houriy vaiues. It is 
necessary to use daily vaiues in developing the time series as [he calibration crireria a,oainsr which the 
t h e  series is deve!oped has a daily resolution. \ 

The potential evapotranspiration (PET) time series is calcuiated using a standard formula for predicting 
PET based on regional conditions and local vegeration. The time series is developed directly using an 
hourly resolution. Xcrual calibration to RFETS conditions is not possibole as necessary studies to 
perform PET cdibraiom ar WETS have not been performed. However. there exist sufficient local 
studies to the required PET equation parameters in the literature and these values have been used in 
developing the PET time series. The resulting values are then compared againsr results of other srudies 
as a calibration verification. 



Tne input groundwater &low and seep time series are needed to satisfy groundwaterisuriace water 
mass baiance interactions and to simulate the proper antecedent soil rnoisrure conditions. These time 
series are developed based on field studies and simulations Feriormed in groundwater modeling sndies. 
The seepage time series is a "boundary condition" chat may be modified during che cdibraicn proccss. 
The series is not calculated during the acrual surface water model runs. Baseilow data are boundary 
rime series that are available from pond operation records and flow recording instrumentation. 

' 

General flow calibration will be performed on the July 1, 1989 to June 30, 1993 time frame. This time 
frame was selected as it encompasses the period where flow data are of suEcienc quality for use in che 

calibration. The 4 years of meteorological data are considered rypical for c h ~ ~  region and include an 
event with a greater that l0-year recurrence interval. Detailed flow caiibration of Iow flows and high 
peak flows will use data beginning lMay 1. 1993, through che most recently available data. Ths time 
period has been chosen because flumes and updated insmrumentation were installed in early 199?, 
permitting the coilection of high resolution flow dam. 

Sediment transpon processes are to be calibrated using rlow simulations of che last 7 years. T ~ I S  
period was se1ec:ed ;1s meteoroiogical data &?om the RFETS me:eorolopical towe: is readily availabk 
and has been verified for this time period. Simuiated modei deposition will be compzred to rhe acrual 
m u a l  deposirion in the .4- and B-series ponds. as determined from sampling evens during this period. 
S'muiation of suspegded sediments wiil be compared agains; tocai suspecded solids vaiues oorained 
durmg ocher OUs sarnpiins evens.  

!,llt!tiuie 5 0 - y ~  simulations wiil be F e ~ o n e d .  Tine meteorological [;;me series  use^ for the 30-l;ex 
simulations wiil be developed by use o i  the WEPP progran.  z weathe: senerator. T i e  mzxmum. 
sing!e ZO-year average of COC sonczxrations obtained from ail [he SO-ye3r jhuiarions is then to be 

used in che HHRL 

The following secrions overview how these major processes are treated by HSPF 10. 

Hydrologic simulation is performed using che moisrure accounting [ e c h a u e  first employed in the 
Staniord Watershed Model (Figure 3). That is. the movenenr of water hro. beween. md our of a 
set of conceprual storages is computed using a fEed time step. Rain and snowmeit are subject to 
interception. If that storage is full. infiltration occurs. Inilitrxed rnoisrure passes to the Iower zone ac 

to goundwater srorage. Exc,oss rnoisrure eirher remains on the suriacc or enters dow p a h  iesding to 

the upper zone or to interrlow. The mode! regards werland flow as equiv3lent 10 chat Aong a plane 
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surface o i  len#, slope, and roughness specified by the user. Evapotranspiration can occur from any 
of the storages. Details of h e  Staniord Watershed Model rne~liodolo,oy are given by Ciawford and 
Linsley (1966). 

Soil Erosioq 

Soil erosion is simulated as illusuated in Figure 3-5. Erosion can occur either due to particle 
detachment from rainfall impact and subsequent washoff or as a result of rill and y l I y  scour. Details 
of the soil erosion methodology used by HSPFlO are $veri by Donizian and Craw-ord (19’76). 

I Hvdraulics 

HSPFlO uses a standard technique for flow routing. Tie  catchment sneam nework is divided into 
reaches. Program calculations work irom upstream to downscream reaches. The scream necwork c3n 
be of any complexity, even including flows that are split and later recombined fanher downstre=. 
Impoundmenu (ponds, lakes, reservoirs) are also inc!uded although it should be noted chat HSPFlO 
assumes such impoundments to be completely mired: srratification is nor rnodzied. 

I Pollutant Fate Mechanism2 

Several important fate mechanisms will a f k c  the chemicals of concen including panitionin2 as 
dissolved/panicuiare phases. interaczions between chemicals in h e  watzr column 2nd cne sediment bed. 

3nd m y  of a number of chemical-specific. ph~sic~l /chemicaI / ’bioio~Ic~l  proczsses ie .g . ,  volatiiizztion. 
biodegradation). HSPFiO c a  simulate these mechanisms for any ,oeneraiizod cnaiiry constirue?.t zs 
iilusnated in Figure 3-6. 

3.3.3 Model Selection Criteria Evaluacion 

The HSPFiO model described above was selected because it is Seiieved to best satisfy the five se!ecrion 
criteria. X discussion of how ths model meets each of these cnceria foilows. 

Seleciion Criterion L - The sefected models should be able to mcorporate key processes and accurately 
represent conditions known to occur at the site. 

Key proc:sses associated with surface water aspecrs of OU6 include. as described before. precipitationi 
runoff. soil erosion and associated pollutant movement. scream and pond hydraulics. and pollutant- 
specific fate mechanisms. HSPF 10 has extensive caoabiiities [o incorporate these proc:sses: indeed. 
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HSPFlO is the only watershed hydrolo,oyiin-stream water qualiry modei !mown k a t  integrates these 

processes in a singie computer code. 

Selection Criterion 2 - The selected models should be able co satisfy che oojec:ives.or' rhe srudy 

The HSPFlO modei meets the modeling objective discussed in Section 1.1. To suppon the risk 
assessment objective, the model can simulate the uanspon of chemicals of concern from sources 
(stormwater runoff, groundwater discharge) to downstream exposure points. The modek provide the 
flexibiliry needed to estimate r isks posed by individual sources. Le., &e risks associated with either 
stormwater runoff only or groundwater discharge only. 

Selection Crireria 3 and 4 - The selected models should be verified using published equations and 
solutions. The selected models should be complete and we!l-documented and preferabiy available h 
h e  public domain. 

HSPFlO has been validated with both field data and model experiments and has bee2 reviewed by 
independent experts (Morose  and Barnwe!l 1989). It is in &e public domain and is dismbuted and 
maintained by the EPA Center for Exposure Assessment Modeling in hchens. GX. The original 
development o i  HSPF 10 began in 1976 and was based on rhe esriie: mode!s: Smiord  Watershed 
Model. Agricultural Runorf Model. and the HSP Quaiicy 'Model. 

Although HSPFlO is a comprehensive. mechanisric?lly based modcl. its moduizi consiruct allows it to 
be railored 10 site-specific conditions and objectives. I t  can be conripured to bc 2s decaiied or 2s 

general as rhe modeling application dictates by acrivating more or  less modular decaii. This ilexibiiiry 
ensures its "cosr-effectiveness. " 

HSPFlO is pureiy a deterministic model: no stochastic or uncenakry analysis cspabiiities exist. 
Uncenainry analysis will be performed ourside o i  the HSPFlO mvironment by analysis of mode! 
predicrion errors. 
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3.1 SOIL GAS TR.kWSPORT MODEL 

3.4.1 Introducrion 

Soil gas transport modeling will be performed if VOCs are identified in OU6. Tie rnode!ing would be 
performed to simulate the diffusion of VOCs from underlying soil _ea as a result of voiatilization from 
soil and groundwater contaminants to the OU6 surfacE just benead.1 a hypotherical onsite building. The 
diffusion of VOCs contained in soil gas from the underlying soil and from the underlying groundwater 
soil interface is estimated by two different equations. An air transport and disuersion model, discussed 
in Secrion 5 . 5 ,  would rhen be used to estimate airborne VOC concennations widkin the building. This 
acciviry would supporr: and provide input to the HHXA. 

Volatilization From Lrnder!vino- Soil 

Estimates of volatilization from underlying contaminated soil ctosesc to the 066 surface will be 
provided by utilization of the Shen tModel. modified by Farino (Farino C t  al. 1982), from Volume LI of 
the AiriSuperfund Nationai T e c h c a l  Guidance Series published by che EP.X (EP.4 1990). This model 
is aiso referred to as the S E i W  model. since it is ais0 documented in Cile Superfund Exposure 
Assessmerit Manual (SEAM) (EPA 1988a). This equation is designed for esairrwing volatilization from 
underlying soil contamination and the subsequent diffusion of orgamc vapors to h e  OU6 surfacc. Thrs 
equation has been appiied in numerous site investigations and has been vaiidated enougn to warrant 
inciusion in pubiished EP.4 documents. 

emission rate o i  the contaminant. i /s!sec') 
surface are3 (cm:) 
vapor difiusion coeffkient xl air (cm'..'sec) 
suriace cap chichess ( c n )  

saturated vapor concentration of conwinant. i. in the vapor space 
benearh the surface soil cap (g/cm') 
we:@x fraction o i  contarnmant. i. in che soil (s.'g) 

- - where E, 
.A - - 

- - Di 
L 
p, = r o d  porosiry o i  the soii c3p (crn'/cm') 

Ci 

- - 

= 

- Wi - 
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C., rhe saturated vapor concentration. is derined by the equation: 

.+penau X 

C, = PMWJRT (2) 

where P = vapor pressure o i  the contaminant (mm Hg) 
&mi = molecular weight of the conraminant (,om/q-moIe) 
R = moiecular gas constant (62,361 mm Hg-cms/p-mole-K) 
T ambient temperature 0-0 - - 

Volacilizacion Fr om Underlvini? Groundwarer 

Contributions to surfacc volatiiizacion emissions from the underiying groundwater wiil be esrimated by 
using the following equation, adapted from Thhodeaux ana Hwang (19821, as presented in SE.kM: 

E:(() = ',DC,.A/(d - ((?,DC,tiC,) - d')o.5) 

average emission race of contaminant i over time t (,o.isec) 

the liquid-phase concencration of contaminant i ia the soil ($cm'! 
bulk contaminant i concentration in the soil (gicm') 
concaminaced surface ares (cm') 
depch of rhe dry zone at sampling time !cm) 
tune messured from sampiing time (s2c) 

- - where E!,,, 
D = phase rransfer coefficient (crn'!sec) 

c, = 
c, - - 

- - x 
d = 

- - 
. . .  . ... ._ 

r 

This equation assunes that the soil pore spaccs connect with the soii surface. ine soil conditions are 
isothermal and that there is no capii1a-y rise o i  contaminant. In addition. sufiycient liquid concaminant 
in the pore smces is assumed to exist so ch2c volatiiizacion will not depiere iye reseDroir o i  concaninant 
to the point where che race of voiatiiizarion is decred. Use of this equacion slmuiaces vapor diffusion 
as being soil-phase controlled and assumes that contaminant concexratiom in che soil remain constant 
untii all contaminant is volatilized to the ambient air at the surface. Contaminant re!esse is assumed to 
occur by the removal of successive unimolecuiar layers o i  contaminant from [he surfac: o i  the "wet" 
contaminated zone. Thus, over time. a ''dry zone" of inciessing de?& at the soil surface and a wet 

. .  

zone o i  decreasing depth be!ow the dry zone develops. Concentrations of rhe contaminant u1 the soil 
immediately surrounding the groundwater a r e s  and within the groundwace: ire used in this estimation 
method. 
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The term. D ,  in the above equation is related 10 the mount  o i  contaminant i that transfers horn che 
liquid to gas phases and then from the gas phase to diffusion in the suriacz air ana is esrimated by: 

,?ppendix :i 

D = D ;(P:') Hi' 

vapor diffusion coefficient in air (cm'isec) - - where Di 
pc = tocal soil porosiry (dimensionless) 
Hi' = Henry's Law constant in concentration form (dimensionless) 

Finally, the term, Hi', is estimated by the below equation: 

Hi' = Hi / RT 

- where Hi - 
R 

Henry's Law constant of the contaminant i (arm-n'/g-rnole) 
303s constant (8 .2 x 10-j am-rn;/g-mole-K) - - 

- I - - amospheric ternperarure (K) 

The Thioodeau and Hwang equacion assumes chat the contaminant conc:ntration in [he liquid and gas 
phases in che soil remains consrant unci1 ail of the contaminant has  been voiatiiizzd into the surfac: 
ambient air. The emission rate, E:(,,, is non-zero until the tune. t. is equal to a value. t,. when the soil 
becomes dry and ail contaminant has been volatilized. Afier time c,, rhe volatilization emission race is 
assumed to be zero. line estimation of t,, in seconds. is obtained from the Se!ow equarion: 

[, = ((h' - dL)/2D)(C,/C,) (6'r 

deprh from the suriacc to the bottom o i  die silutial q u i f e r  c,crn) 

phase transfzr coefi7cienr (cm'iseci 

the liquid-phase concennation o i  contaminant i in the soii @icm') 

- - where h 
d = depch of dry zone at sampling rime ( c a j  

D 
c, = bulk con&ant i concentration in sod (gicm') 

c, - 

- - 

- 

Total surface volatilization emissions are then estimated by adding [ne contributions calculated from 
Equations (1) and (3). To estimate the diffusion of surface volatilization emissions through the floor o i  
an onsire building, Darcy's law, modified for $as Row across a perme3ole s tmcxre i.vall. wiil be used 
to estimate rhe volumerric tlow rate induced by surface volatile emissions and ambient air entering into 
the building confines. 



I This volumetric flow rate is esrimatea by: . 

volumetric flow rate of induced by soii gas ana ambient air (f3/secj - where Qvoi - 
k = intrinsic permeability of soil (dimensionless) 
V = viscosity of the gas (lb/ft-sec) 
dP = pressure differential across floor of suucmre (Ibih') 
dZ = hckness OC floor (fc) 

The concentration of rhe conraminant w i h  the onsite budding is then estimated by: 

resultant conminanc concentracion within the buiiding (pg/rnj) 

emission rate of the conraminant below the buiiding tloor (,o;sec) 
volumetric flow rate induced by the soil gas (mjlsec) 
volumemc exchange rate w i h  the building (m'isec) 

- where C,, - 
E, 

Qb 

- - 
Qwi = 

- - 

3.4.2 Model Selection Criteria Evaiuatioa 

A considerable amount of research and field sampling has been performed to deveiop models that 
predict volaciiiz~cion as a result or' soil _cas crampon. The SEAV mode!s were seiecteci because [hey 
are believed to best satisfy the selection ciiteria de f i ed  in Sccrion 3. !. 

Se!ecrion Cricerion 1 - R e  seiecled models shouid be able to incorporate key processes ana 
accurate!y represent conditions !mown to occur at che sire. 

The SE,LM models are capable of representing key contaminant processes in estimating soli ,oas 
transporr. The key processes in the SE.4M models inciude creament of soil sas diffusion to the surfacz 
as a resuit of underiying soil contamimcion and also h e  diifusion from a r e s  o i  soil and groundwater 
contamination. The models allow calculation of volatilization of speciric components oi  a complete 
w a l e  rnivrure by assuming that Raoult's Law is zpplicable. X layer of re!atively clesn and drj  soil is 
assumed to exist between the soil suriac,~ and the primary area of underlying sod contamination for the 
fusr SE..LM equation Equation ( l ) ] .  The depth of ~s relatively ciem layer will be assessed by 
examining sire-specific data. Equation ( 1) assumes char surface VOC enissions are steady-state 2nd do 
not decay with rime. This assumption is consistent wich site observations that there are underlying 
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a r e a  o i  soil contamination likely to produce.suriace VOC emissions at 3 steady rare for an exrended 
period of time. Suriaclo VOC emission contributions from groundwater Equation (3)] e.Koir some 
dependency wirh time but will probably not change total surface VOC enissiori liiorn a nexly steady 
state condition. 

Examinarion of onsite data suggests that volatilization as a result of soil gas crampon will prunarily 
originate from underlying soil contamination areas closest to the OU6 surface and from the underlying 
groundwater, 

Selection Crirerion 2 - The seIected models should be able to satisfy the objectives of the srudy 

The SEAM models esrimace surface volatiiization from underlying soil gas wirh consideration of 
physical and chemical mechanisms. The resulting emission estimates can then be applied to the 
estimation of e.qosure point concentrations. 

Since air conraminanr concennarions are directly proponional to emissions estimates. rhe effectiveness 
of potential remedianon srracegies on sources of volatilization chat become parr of the air e.xposrrre 
pachways can be readily evaiuated. In addition. the effectiveness of potential remdiation sirategies can 
be related to underiying soil and goundwater concentrations since these soil $as transpot7 rnodels 
estimate VOC emissions in nearly direct proponion to underlying soil (wasre) and groundwater 
concencracions. 

Sc!ecrion Crireria 3 and J - Tie se1ec:ed models should be verified using published equations ana 
solutions. The se!ec:ed models snouid be complece md we!l documezted ana prefsrably available in 
the public domain. 

The S E . M  rnode!s for soil gas rransporr are widziy used and well documented in E P I  liczrxure for 
use in baseline, remedial. and posr-remedial scenarios. Equation (1) has rekied the widely accepted 
Farmer model which was one of the first models developed and used to predict VOC emissions from 
covered landfiils. Equacion (3) has been widely used for estimation o i  sun-ace volatilizadon emissions 
from old spills and leaks that have migraced below the soil surface. The soil 
appearing in che air pathway analysis series have been subjecr to extensive validation. 

t rwuorr  models 

fc!etrion- - The seiected models should be pracrical and zost-effective in terms of acrual 
application as well as resolution of uncxtaincj. 





E S ’ V I R O ~ I  ENT.U .XESTOR4TIO N ? ROC-ILC\l fvi3nClI:  1! 1Co-WP-OL‘6.0 I 
.-\ppezdix ;i Rev. 0 Phase I W/EU Work ?!an for OU6 

Walnut Creek Priority Draimge ?3gr: ;1 _-  of ‘ 5  

3.3.2 Model Selecrion Criteria Evaluarim 

The mode!s selected to be most appropriate for OU6 are a conventional box mode1 for onsite impacs 
and the FDM for estimation of airborne particdate concentrations and depcsition at .oCsite recz?cor 
locations. These models are believed to best satisfy the selecdon criteria presented in Section 3.1. The 
box model will be used to mode1 trampon of volaciles to a future onsire worker or  future resident in a 
building, and wiil also be used to model ambient paniculate impacrs to a future indusmd worker, a 
furure onsite residenr, and a future ecoIogica1 worker also located onsire. The FDM will be used to 
model trampon of airborne paniculate. both as air contaminant concentrations and as deposition 
values. at the currenr and: f u m e  resident exposure poinrs. X discussion of how each air aansporr 
model meets each of rhese criteria is presented below. 

Sz!eccion Criterion 1 - The selected mode!s should be able to incorporate key processes a d  acccrate!y 
represent conditions known to occur at the site. 

The box model and the FDM air models are capable of representing key contaminant processes in 
estimating air trsnspon and dispersion of air emissions orighating from OU6. The box model uses 
conservation o i  mass principles to estimate resultant air concentrations for an input emission race 
dispersed within a fixed volume with an air exchange rate proponionai to the air flow (wind speed) 
traversing the volume. The box moaei used for estimacing onsite impzcrs considers che dilution of air 
emissions within a given volume, defined by the horizontal dimemiom of a concminaced x e s  or of an 
enclosed strucrure ( i .2 . .  building) and the height determined either by surfsce mrjulencc or the 
confined height of 3 strucnre. The lir exchange rate is dependent - upon the utilized wind speed or 
vo1ume:ric 3ir exchange r3te. if within the confines of a building. iiie box mcae! is typic211y ~ 2 d  io 
ejtmace onsite sir quality impacts oni:; where recqtors  are located *xithin the ikmn.ediace xczs of ck 
ernissions sourcz, The box model estmates impacts by dit? use of one basic equzcion thac estimates a 
concstration within a volume centered directly above the emission sourcz of interest that is a function 
of wind speed. emission rate, and the physics1 dimensions of the volume. 

This equation is: 

where C, = concentration o i  chenical component i (gimj) 
emission rare of chemical component i ig‘sec) 

cross-sectional are3 of the volume (m’) 

- - E, 
[ I .  = wind velociry through rhe volume (m’sec) 
A - - 
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For he  building scenario. the box model equation will be modified b y  using sn appropriate value of the 
passive air exchange rate wirhin rhe building to estimate 3 volumetric flow rate chit is suostiruted for 
the product of the U x .I\ term in the denominator. 

The FDM uses Gaussian plume transport and dispersion algorithm wirh a graaient-nacsfer deposition 
and sectling algorithm 10 simulate air contaminant concentration and values from nonpoint sources at 
distances corresponding to offsite receptors. The FDM was specifically developed for fugitive 
paniculate matter modeling applications (especially wind erosion). The FDM has the capability of 
assessing up to 100 area sources, 200 receptor points, and 20 panicle size classes. FDM is unique in 
that it can m e s s  reccquiarly shaped area sources, not just square or circular. This capabilig allows 
FDM to mode1 area sources usins a georneq that more closely approximates b e u  accuai shape. FDtM 
can urilize consrant as well as variable emission rates. FDM can also calculate ground-level 
conczntracions eirher wirh seal in^ and deposition functions (as with paniculate macter) or wirhouc (as 
wich gaseous contaminanrs). The FDtM has the capabiliry IO model for shon ( I - .  3-, 8-, and %-hour) 
and Long (annual) term averaging periods, and uses meceorological data in either hourly or Stabiliv 
Array (STAR) formars. 

By using the Q 4 2  emission models (EP.4 198Sci for fugitive paniculate taission estimation, the 
FDM model is not required to appiy correction factors to account for *Japing y e s  of land suriaczs. 
However, the FDM will allow for the direct computation or' the concminanr emission race as a function 
of che wind speed or allow the user co input a constant ernission rare. In chis way. ihe mode! can asses  
shon-term and long-term impacts. 

Rece?cor locations are evaluated by rheir relative distanc (x.y) from Lile sourcz 2nd [heir eicvation (z'! 
(EP.4 1988b). The mode!ing of panicuiare (radionuciide) impacts at oifsite rec.y:cors st h e  pe:ime:er 
or' OLr6 wiil be performed by dividing the entire 3re4 of OcT6 into a r e s  re?resencatiLre of a specific 
radionuciide soil concentration and estimating the cwuiative impacr of wind erosion from all rnese 
separate area sources. Thus. ambient radionuclide node!ing at the offsite recegtors wiil consider the 
cumulative impacrs from all radionuclide-bearing sumciai soils on OU6. 

Onsite ambient radionuciide irnpacs from OU6 wiil be modeled by designacmg 3n are3 that 
conservatively represents observed suiriciai soii conczmrations of radionuclides. The radionuclide soil 
concmnadon used €or ths representative location will be obtained from estimating dte reasonable 
maximum exuosure ( M E )  of all surficiai soil radionuclide concentrxions sampled on OU6. The size 
of the area will correspond IO an average size of one of rhe 3 r e s  desisnated in die offsite panicalare 
(radionuclide) modeling. A similar approach will be used for esrimating VOC conczntrations within an 
onsite building. RME values o i  subsurface soil and groundwater VOC concentrarionr will be used CO 



estimate an ambient VOC impact within an oilsite buiidkg located on OU6. 

Selecrion Criterion ?, - The selected models should be able to satisfy the oojrclives of che srudy. 

Ourput from these models either as air contarninant concentrations or as deposition vaiues at the 
designated exposure poincs will provide input for the assessment of human health risks. The ability of 
these models to simulate the transpon and dispersion of paniculate suppom the objective of the 
modeiing effort. 

The muttiple compounds potentially identified as chemicals of concern will be easily handled by the 
selected air dispersion models through a multiplicative fac:or (the ratio of a specific compound source 
term to a unit emission rate) chat is multiplied by the estimated ambient impacu from a unit emission 
rare (i.e., because of the linear relationstup o i  air concentration to input emission rarej. In addition. 
each of these models can be used to evaluate the effecriveness of potential reaediation strategies by 
simply varying the source term as a function of the remediarion srrategy being examined. 

Se!eccion Criteria 3 and - The setected modeis should be verified using published equations and 
solutions. The selected mode!s should be compiete ana well documenttd ana preferably available in 
the public domain. 

Both mode!s are recommended by EP.4 as the most representative mechods for deremining respective 
crampon and dispersion characteristics for VOCs and i n o r p i c  metais. seni-voiatiles. and 
rzdionuciidts in panicuiate form. These models have been used extensively on both non-:emedial and 
reneaiai srudies. (The FDM model has undergone several vaiidation srudies with favorable resuirs. 
Despite these resuits. EP.4 has not officially designated FDM as a vaiiaatei mode:.) 

Se!ecrion Criterion 5 - The selecred mode!s should be practical and cost-eEec:ive in : ems  -of scmai 
appIicarion as well as resolution of uncenainry. 

Both modeis are readilv avaiiable since hey are pubiic domain models and do not iequire special 
procurement or licensing costs. Their use is well documented and both models are designed to execute 
on PC-compatible computers. Supp01-t for use of these models is also readily avaiiable. Their re!ative 
e u e  of use and wide acceptance of the modeling results makes bern preferable over ocher available 
models. 



This section presents a summary of the data currently available to estimate model carme:er values for 
groundwater. sun^ace water, and air modeiing. Where available. sire-specific d u  coi1ec:ed during (he 
Phase I RFYRI investigations or earlier snrdies will be used. If site-specific data are not available. 
published literature vaiues will be used in the modeling activities. 

Tables 3-1, 3-2, 3-3, and 3 3  present a summary of data currently available to esrimare model 
parameters. The available data were compiled based on a review of previous investigations and the 
data currently available from the Phase I RFI/RI investigation, or general liceramre. in the case of 
chemical parameter values, development of the list of chemicals of concern has not ye: been fmalized. 
Therefore. it is no: possible to summarize chemical parame:er dam ac chis time. Chemical parameter 
data has been compiled in the draft Chemicals of Concern T e c h c a l  Menorandurn No. 3 for the OU6 
HHRA (to be included as Appendix L of this work plan) and is cunenriy being reviewed by EPA and 
CDPHE. 

The data presented in Tables 3-1, 2-2, 5 - j ,  and 3 4  are preiiminarJ and. in some cases. are nor site 
specific. The data values or ranges of values are not intended to be fixed or ikal .  The ranges are 
presented to convey what is currently known of the potential variaoilicy in parzmex: values chat may be 
used in the models. 

I-' .- s .I J; 

The meieorological data to be used wiil be a Y-yezr hourly mereorologicd data sc": from 1991 or L992 
from [he IC meter level nf rhe Wcsr Buifer Zone 61 meter cower. Tne RFETS mc:eoroIogicai 
monitoring program includes one 6 1 meter towe: insmmented with Prevention of Significan: 
Deterioration qualiry equipment at three levels (IO. 15. and 60 mefers) locsced on the west side of the 
plant propeny. outside of the pianr security fence. The lO-mece: data wiil be me:,otd with concurrent 
mixins height data from Stapleton International Airpon. Scabiliry class will be a e : e w e d  from sigma 
theta and wind speed measuremenls obtained from the Wesc Buffer Zone me:eorologicsl database. 
.Maximum wind speed data from chis sire may also be used to esrimace wind erosion emissions. 

The data used as inputs for the air models will be primarily from recent OU6 soil sampling and 
groundwater monitoring programs performed as pan of the OU6 RFI/RI invesription. These data 
include: 

b Surricial soil grain size data and anaiycical data for meals. radionuclides. semi- 
volaciles. and VOCs from all the IHSS loc~tions witfim OU6. 
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e Groundwater VOC concenlrarion data gathered from rhe recz3tly in sd led  11 OU6 
monitoring wells will be used to esrknate vapor-phase concentrations for h e  onsire 
building modeling. 

0 Subsurface soil VOC concentration dam for the onsite budding modeling wiil be 
obtained from soil boring sampling conducted at locations near the s u r k i a l  soil 
sampling locations in the 0216 IHSSs. 
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TABLE 3-1 
P-UZ4iMETER V,4LZiES FOR GROU3D\Y'XTER hIODELIXG 

Parameter * Unin Range of Values Source 

Properties of ColluviumlAlluvium 

Hydraulic Conductivity cm/sec 10-5 - 1 0 3  Freeze and Cherry (1979) and 
OU6 and OU2 sire-specific data 

% 3 -  10 OU6 and OU2 site-specific daca Effective Porosiry 
Bulk Densiry lbs/ftj 94 - 130 Das (1985) and OU6 and Ob'?, 

site-specific data 

Dimensionless 1- 10 OU2 site-specific data for 

Days 7 -  1825 Howard, 2: ai. (1991) for 
specific conwninanu . 

Retardation Factor 
specific concaminanu 

Biodegadation Half-Life 



T.ABLE 3-2 
S‘tiRF.4CE WATER MAJOR PARLifETER VALZITS 

UnitS Range of Values” 

PrecipitatiodRuno if 
Nominal soil moisrure storage (LZSN,UZSN 

Infiltration capaciry index (INFILT) 

Groundwater recssion rate (AGWRC) 

Interception storage capaciry (CEPSC) 

Trade-off becwezn intertlow and surface runoff (LNTW 

inches 

iryihr 

per day 

inches 

none 

.01 - 100 

.0001 - 100 

.001 - 1.0 

0 -  10 

min o i  0 (no max) 

per cay 0 -  1.0 

dep. F 30 - 40 

Interilow recession parameter (IRC) 

Air teaperamre below which precipitation will be Snow 
(TSXOW) 
Fraction o i  he !and segment which is shaded from solar no ne 

Soil erosion 
h t i a l  s torqe o i  detached sediment (DETSB! 

Fraction o i  detached sediment whch reattaches each day 

0 - 1  

Coefficient for detached sediment washoff (KSLY) 

Coefficient fcr soil scour (KGER) 

0 - 10 

per day 

Ibs.,’acre- 
day 

(-1 Flux to/from atmosphere from’to detached stora, me cSVSJ3 

H ydrody d c s  
Median diameter of bed sediment (DB50) 

0 -  1 

no ne 

none 0 - 1  

no ne 0 -  1 

inches ,0001 - 100 
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T.4BLE 3-2 (CONTIhVED) 

UnirS Parameter i Range o i Values a 

Hydrodynamics (continued) 

Channel characteristics as functions o i  the water surface 
elevation: 

depch 

surface are3 

volume 

Contaminant Face 
' 

Ratio of volatiIization race to oxygen reaerarion rate (CFGAS) 

Parcitionins coeifecienc benveen dissoived and suspended srates 

First-ader biodegradation rare constant (KB IO) 
(DO 

none 

none 

none 

none 

l/I??s 0 - (no max) 

min of 0 (no max) 

per day 0 -  1 

Parameter ranges were obtained from the HSTF 'u'se:'s !ilmcA, i981. 

OU6 site-specific data will be used where avaiiaole. 



TABLE 3-3 
P.A.Rk\IETER VU'L;ES FOR SOIL GAS MODELISG 

~~ 

~~ 

Parameter Unirs Range of Values Source 

Surface Area of IHSS cm' 100 - lolo Phase 1I RFVRI Workplan 
(DOE 1992a) 

Surface Cap Thichess cm lo1 - to2 OU6 sice-specific daca 

Soil Cap Air-fied Porosity R 25 - 3 OU6 sice-specific data 

Vapor Diffusion Coeff. in Air crn'isec - 10-1 Compound-specific: SE;LM 
(1988aj or Lyman (1982) 

Thidhess of contaminated soii cm 10 OU6 sice-specific daca 

- OU6 sice-specific daca Weight fraczion of conrarnhanc in g i g  
wasie 
Intrinsic permeability of sod cm: 10-9 - 10-7 OU6 sice-specific data 

Liquid-phase concenrrarion of ,o!cm' lo' - 10" OLi6 sice-specific data 

c oncaminant 
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TABLE 3-4 
P.%RAMETER VALUXS FOR .-uX TRXNSPORT Ah3 DISPERSION hlODELING 

- - ~~ 

Parameter Units Range of Values Source . 

Joint frequency distribution of 
stability class, wind speed and 
direction 
Mean annual morning and m 250 - 4000 Data from Stapleton for 

afternoon mixing heights 

Unitless Fraction of one; total sum 1992 West Buffer Zone data 
of all entries is one from EG&G 

1992 

1 - 80 OU6 sice-specific data Panicie size Pm 

Particle size distribution Unitless Fraction of one; total sum OU6 site-specific data 
of all enmes is one 

Concaminaced ares (surface m’ iol - 104 

Ground Coverage 75 0 -  100 
dimensions) 

Receptor location. above source, rn 1 - lo-‘ 

Surface rou_phness cm 1 - 100 

disrance from source 

OU6 site-specific data 

Aerial photos; onsite 
(unvesetaced area) 
o bse nations 

Scaled maps of elevation of 
scudy ares 

Site observations correlated 
wich documented crireria on 
assigning appropriate 
surface roughness value 
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In order to mode1 rhe fate and transporr of contaminants at OU6 :o specihc exposure point lOC3LiOns for 
the HHRX, several models have been evaluated for application to ,oroundwa:er. j m - i c e  water, and air 
modeling. lModel selection was based on the following five criteria: 

1 The selected models should be able to incorporate key processes known to occur at the 
sire. 
The seiected modeis should be able ro satisfy the objectives o€ rhe smdy. 
'The selected models shouid be verified using published equations and solutions. 
The seiected models should be complete and well documented and preferably available 
in &e public domain. 
The selected rnodeis should be practical and cost-effecrive in t e r n  of actual application 

2. 
3. 
4. 

5 .  
as weil as resolution of uncenaincy. 

The following models were selected to meet the requirements of the modeling srudy: 

A smple one-dimensional anaiyrical groundwater model wiII be run to determine h e  
potential for vinyl chloride to migrate downgradient or to volatize direcrly from the 
vadose zone into the armospnere. 
T ie  HSPFlO mode! for surface water fate and transport. 
The SEAiM models for soil gas fate and transpon, a box mode! for onsite ambient air 
contaminant fate and transpon. and FDM for offsite a b i e n t  air conc- m t  fate and 

transpon of OU6 source air emissions. 

Data currently avaiiable for use 2s input for the rncde!ing ac:ivities were evaiuzted. Tables 3- 1 .  3-3. j- 
3. and 3 4  summarize the data currently available [o esrimate mode! paramecers. Data from the Phase I 
RFI/RI investigation wiil also be used in rhe modeiin, 0 eiion. 
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